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RESEARCH NOTE 
PESTS OF CULTIVATED PLANTS IN FINLAND IN 1979 
MARTTI MARKKULA 
MARKKULA, M. 1980. Pests of cultivated plants in Finland in 1979. Ann. 
Agric. Fenn. 19: 1-4. (Agric. Res. Centre, Inst. Pest Inv., SF-01300 Vantaa 30, 
Finland.) 
The damage caused by about 40 pests on cereals, forage plants, root crops 
and vegetables, rape, sugar-beet, pea, apple, berry fruits and other plants in 
Finland in 1979 is reported, using a ten-point scale, from the results of 
questionnaire surveys. 
The growing season was chillier and rainier than usual in most parts of the 
country. In spite of this, the number of pests reached a rather high level. 
Responses to inquiries showed that the average abundance of ali pests, in terms 
of the 0-5 value scale, was 2,9. It was the same, 2,9, in the previous year, and 
2,6 in the tenyear period 1965-1974. Argyresthia gonjugella caused severe damage 
to unsprayed apples in home gardens. Stip& opaca occurred in great abundance 
in sugar beet fields after a long time. 
Index words: plant pests, severity of damage, frequency of damage, year 1979, 
Finland. 
As the previous surveys (e.g. MARKKULA 1979), 
the present one is based on replies to inquiries 
sent to the advisers at Agricultural Centres. 
Four inquiries were sent to 200 advisers during 
the growing season, and replies were received 
as follows: 
Replies % Communes % 
Spring inquiry 	 148 74 186 40 
First summer inquiry 132 66 161 35 
Second summer inquiry 	 121 61 173 38 
Autumn inquiry 	 128 64 158 34 
A general estimate of pest abundance during 
the whole growing season was given by 112 
advisers from 143 communes. This estimate was  
based on a 0-5 scale (MARKKULA 1969). In 1979, 
the country was divided into 464 communes. 
The growing season started late — during 
the second week of May even in southern 
Finland. After that, the temperature was normal 
or even higher than normal for about one and 
a half months. July was a couple of degrees 
chillier than the long-term average and also 
rainy in the main areas under cultivation. In 
July, the rainfall clearly exceeded the long-
term average. 
The weather grew warmer in August and 
rainfall decreased. Thus no great harm was 
caused to the harvesting. 
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The growing season can generally be charac-
terized as having been rainy and chilly. However 
regional differences were noted. For example, 
the summer was exceptionally warm and fair 
in Lapland. 
Although, as mentioned before, the growing 
season was rainier and chillier than normal in 
the primary areas under cultivation, the average 
abundance of pests, in terms of the 0-5 value 
scale, was 2,9 which is greater than the average. 
It was also 2,9 the previous year, and 2,6 in 
the ten-year periods 1965-1974. 
Only Silpha opaca, Argyresthia conjugella, Lepus 
europaeus, Arvicola terrestris and Deroceras agreste 
exceeded the ten-year average for 1965-1974 
(Table 1). 
The damage caused by pests was very low 
in grain fields. The abundance of ali species 
was smaller than in the previous year, and also 
smaller than the ten-year average for 1965-
1974 (MARKKULA 1979). Because the early 
part of the summer was warm and dry, the 
growers were prepared to control the oat 
bird-cherry aphid Rhopalosiphon padi. However, 
the mass appearance of the previous year did 
not reoccur. 
The pests caused the sugar beet farmers more 
harm than in the previous year. Silpha opaca 
appeared in the fields in greater abundance 
than for a long time. The use of pesticides was 
often necessary. 
Lepus europaeus and Arvicola terrestris appeared 
exceptionally abundantly and caused damage 
in apple orchards and nurseries. 
The pest of the year was Argyresthia conjugella. 
The moth's abundance is greatly dependent 
on the amount of rowan berries. The rowan 
trees blossomed exceptionally well in the pre-
vious summer (1978) and the trees were filled 
with berries, thus creating excellent conditions 
for reproduction of Argyresthia conjugella. In 
the year of this survey, the rowans blossomed 
vety poorly and so the moths moved ovet to 
apple trees in great numbers and laid their 
eggs there. 
The severity of damage caused by Argyresthia 
conjugella was very great, 6,1 (Table 1). In the  
previous year it was only 1,1 and during the 
ten-year period 1965-1974, 3,4. In 1968, the 
severity of damage was still greater, 7,1. The 
advisers estimated that Argyresthia conjugella 
had damaged as much as 78 % of ali apples. 
While examinin.g these values showing the 
great severity of damage, one must take into 
consideration the fact that they reflect the 
situation mostly in home gardens where spraying 
is seldom carried out nowadays. Commercial 
orchards followed instructions given by the 
forecasting service at the Agricultural Research 
Centre, Institute of Pest Investigation, and the 
control was successful. Damage caused by 
Argyresthia conjugella was very small in commercial 
orchards. 
Cydia pomonella was scarce. However, the 
advisers' estimation of the amount of damage 
was fairly great. This is propably due to the 
fact that damage which was thought to be 
caused by Cydia pomonella was really caused by 
Argyresthia conjugella. 
The advisers' estimations of damage caused 
to apples indicate the following: 
per cent of apples damaged replies 
1979 1978 1965-74 1979 
Argyresthia conjugella 	 78 10 31 89 
Cydia pomonella 	 21 10 22 27 
Damage by C.ydia nigricana remained rather 
slight. The number of the pea pods injured by 
the larvae was 11 %, the year before 9 %, and 
in the ten-year period 1965-1974 14 %. 
Many species were especially scarce. In the 
following species the severity values were only 
half or less than half of the average values: 
Elateridae, Phyllotreta vittula, Delia anti qua, 
Yponomeuta padellus malinellus, X.yleborus dispar, 
Aphididae on Ribes species, and Zophodia con-
volutella (Table 1). 
Two new pests were recorded. Blaniulus 
guttulatus (Bosc.) chilopods damaged strawberries 
in Espoo and Kirkkonummi and larvae of 
Pammene rhediella Cl. moth damaged unripe 
apples in Lohja and Pälkäne. Altogether 1 109 
pest species on agricultural and horticultural 
plants have been listed in Finlans including 
these additions. 
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Table 1. Results of questionnaires. Severity of damage estimated according to a scale of 0-10. Frequency of damage 





Seyerity of damage Frequency of damage 
1979 1965--74 1979 1965--74 
Macrosiphum avenae (F.) 	  51 1,0 1,4 20 22 
Oscinella frit (R.) 	  98 0,7 1,0 13 13 
Rhapalosiphon padi (R.) 	  72 0,7 1,2 20 18 
Elateridae 	  52 0,5 1,1 9 15 
Pbyllotreta vittula (Redtb.) 	  90 0,5 1,0 8 18 
FORAGE PLANTS 
Amaurosoma spp. 	  49 1,2 1,5 26 28 
Apion spp. 	  26 0,8 1,0 13 16 
ROOT CROPS AND VEGETABLES 	  
Della brassicae (Wied.) and D. floralis (Fall.) 	 86 1,6 2,0 30 28 
Pieris brassicae (L.) etc. 	  36 1,5 1,7 26 29 
Phyllotreta spp. on crucifers 	  84 1,4 2,0 24 38 
Plutella xylostella (L.) 	  40 1,1 1,6 20 21 
Della antiqua (Mg.)  36 1,0 1,9 14 21 
Trioza apicalis (Först.) 	  41 0,9 1,3 24 21 
Phaedon cochleariae (F.)  30 0,8 1,1 14 19 
Pula rosae (F.) 	  38 0,7 0,8 10 10 
Brevicoryne brassicae (L.) 	  16 0,6 0,8 7 14 
TURNIP RAPE 
Meligethes aeneus (F.) 	  55 1,1 1,8 47 40 
SUGAR BEET 
Silpha opaca L. 	  42 1,8 1,4 38 33 
Chaetocnema concinna (Match.) 	  67 1,4 1,7 43 40 
Pegomya betae (Curt.) 	  80 1,4 1,8 45 48 
Lygus rugulipennis Popp.  37 1,4 1,9 50 43 
PEA 
C:ydia nigricana (F.) 	  24 1,4 1,9 40 37 
APPLES 
Argyresthia conjugella Zell. 	  86 6,1 3,4 87 46 
Cydia pomonella (L.) 	  28 2,3 2,5 44 42 
Lepus europaeus Pallas and L. timidus L. 	  77 1,8 1,6 24 15 
Aphis pomi (Deg.) 	  22 1,1 1,5 18 24 
Migrolus agrestis (L.)  56 0,9 1,1 8 8 
Yponomeuta padellus malinellus Zell . 	  20 0,8 1,6 13 23 
Panonychus ilmi (Koch.) 	  34 0,7 1,3 18 21 
Arvicola terrestris (L.)  49 0,7 0,5 5 4 
Psylla mali (Schmidbg.) 	  44 0,5 0,9 11 13 
Xyleborus dispar (F.)  37 0,1 0,5 2 4 
BERRIES 
Cecidophyopsis ribis (Wettw.) 	  88 1,7 2,2 22 30 
Nematus ribesii (Scop.) and Pristiphora pallipes Lep. 	 39 1,7 1,7 25 16 
Tarsonemus pallidus Bks. 	  50 1,7 2,0 36 28 
Lampronia capitella Cl.  71 1,5 1,9 20 22 
Byturus urbanus (Lndp.) 	  29 1,4 1,7 33 29 
Pachynematus pumilio Knw.  32 1,3 1,3 21 21 
Tetranychus articae (Koch.) 	  33 1,2 1,3 26 21 
Anthonomus rubi (Hbst.)  47 1,1 1,6 28 26 
Aphididae on Ribes species 	  43 0,9 1,8 22 26 
Zophodia convolutella (Hbn.)  34 0,5 0,9 10 12 
PEST ON SEVERAL PLANTS 
Deroceras agreste (L.) etc. 	  44 1,5 1,3 35 24 
Hydraecia micacea (Esp.)  33 1,2 1,2 27 21 
REFERENCES 
MARKKULA, M. 1969. Pests of cultivated plants in Fin-
land in 1968. Ann. Agric. Fenn. 8: 316-319. 
— Pests on cultivated plants in Finland in 1978. Ann. 
Agric. Fenn. 18: 92-95. 
Manuscript received Marc,' 1980 
Martti Markkula 
Agricultural Research Centre 
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SELOSTUS 
Viljelykasvien tuhoeläimet 1979 
MARTTI MARKKULA 
Maatalouden tutkimuskeskus 
Vaikka kasvukausi oli suurimmassa osassa maata taval-
lista viileämpi ja sateisempi, oli tuholaisia melko runsaasti. 
Maatalouskeskusten piiriagrologien esittämien arvioiden 
perusteella laskettu tuholaisten runsausluku oli 0-5 
asteikon mukaan 2,9 eli sama kuin edellisenä vuotena. 
Kymmenvuotiskauden 1965-1974 keskiarvoluku oli 2,6. 
Pihlajanmarjakoi esiintyi poikkeuksellisen runsaslukui- 
sena. Sen tuhojen ankaruusluku oli 6,1, mikä oli huomat-
tavasti suurempi kuin kauden 1965-74 keskiarvo 3,4. 
Edellinen suurtuhojen vuosi oli 1968. 
Ruskohaiskiaisia oli sokerijuurikkaassa pitkästä aikaa 
runsaasti. 
Viljoissa, avomaan vihanneksissa ja marjakasveissa 
tuholaisvahingot jäivät vähäisiksi. 
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Seria PHYTOPATHOLOGIA N. 70 — Sarja KASVITAUDIT 
RESEARCH NOTE 
A DISEASE OF OUT-DOOR CUCUMBERS CAUSED BY THE TOBACCO 
NECROSIS VIRUS IN FINLAND 
KATRI BREMER and MARJA-LEENA LAHDENPERÄ 
BREMER, K. & LAHDENPERÄ M-L. 1980. A disease of out-door cucumbers 
caused by the tobacco necrosis virus in Finland. Ann. Agric. Fenn. 19: 
5-8. (Agric. Res. Centre, Inst. Plant Path., SF-01300 Vantaa 30, Finland.) 
A virus disease resembling that caused by the tobacco necrosis virus (TNV) 
was found in out-door cucumbers in Finland. Some tests about host plants, symp-
toms and soil transmission of the virus were made to confirm the identity of the 
virus. TNV was also isolated from roots of vegetable plants grown in the soil, 
where diseased cucumbers grew. Zoosporangia, resembling those of Olpidium 
brassicae (Wor.) Dang. were found on the roots of virus infected plants. 
Index words: Tobacco necrosis virus, soil transmission of TNV, cucumber viruses. 
INTRODUCTION 
A fruit sample from diseased out-door 
cucumbers, cv. Tera, grown under plastic cover 
was sent to the Institute of Plant Pathology 
from a grower in the Äland islands. Numerous, 
brown, small spots covered the yellow fruits 
to such an extent, that they were unmarkettable 
(Fig. 1). Later young out-door cucumber plants, 
cv. Levo, with yellow-flecked leaves were sent 
to the Institute from a farmer in Vantaa, near 
Helsinki. 
Both leaf and fruit symptoms differed from 
those caused by the cucumber mosaic and green 
mottle viruses, which sometimes cause severe 
diseases in cucumbers in Finland (cf LINNA-
SALMI 1966). The symptoms resembled those  
caused by the tobacco necrosis virus (TNV). 
TNV has caused a disease in glasshouse cucum-
bers in Holland (van KOOT & van DORST 1959, 
DIAS & MCKEEN 1972) and in Sweden (RynkN 
1964, DIAS & MCKEEN 1972). In Finland it 
was not known before as a cause of a cucumber 
disease. Therefore some tests were made to 
find out the cause of the disease. 
Host plants and symptoms 
Sap transmission using phosphate buffer, pH 
7,2 and carborundum powder as abrahasive 
was made from the diseased fruits to several 
plant species. Besides cucumber, 13 plant species 
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Fig. 1. A cucumber fruit (cv. Tera) infected .with the 
tobacco necrosis virus. Photo Kirsti Osata. 
were infected and they showed symptoms 
typical for the tobacco necrosis virus (Table 1). 
Cucumber plants infected by the sap did not 
always show symptoms, or only local symptoms 
in the first leaves. 
TNV in soi! 
TNV is transmitted in soil by zoospores of the 
fungus Olpidium brassicae (Wor.) Dang. (ICAs-
SANIS & MACFARLANE 1964). It is known to 
occur in roots of many plant species (KAssANis 
1970). It has been found also in Finland in soil 
samples from several plant nurseries (TAPio 
1972). In Aland, where cucumber and other 
vegetable growing is abundant outdoors and 
is still increasing, TNV might become more 
harmful. Therefore it was important to know, 
which vegetable species could be infected by 
Table 1. Host plants and symptoms of the TNV 
Flost plants Symptoms 
Cucumis sativus L., cvs. Local chlorotic spots on the 
Butcher's OE Special leaves in 3-4 days. 
Arla » 
Favör II » 
Muromin » 
Spångbergs Green » 
Suberb OE Enkona » 
Cucurbita pepo L., cvs. 
Vegetable Marrow 
Zucchini 
Beta tudgaris L. 
cv. Monohill Latent. 
Calendula officinalis L. Local round, light brown 
spot, about 3 mm in diam. 
in 8 days. 
capsicum annuum L. Light spots with dark boar-
ders in 8 days. 
Cbenopodium amaranticolor Small, cholorotic local spots 
Coste & Reyn in 3-4 days. 
» 	guinoa Wild. » 
Datura stramonium L. Small, light chlorotic spots 
in 8 days. 
Gomphrena globosa L. Large, 	irregular 	chlorotic 
local flecks in 4-5 days. 
Phaseolus vulgaris L. Small necrotic local spots 
cv. Prelude and vein necrosis. 
Petunia bybrida Vilm. Local, chlorotic spots with 
cv. Cream Star brown boarders in 8 days. 
Nicoliana glutinosa L. Small, necrotic local spots 
in 3-4 days. 
» 	tabacum L., Large, greyish, local spots 
Samsun in 3-4 days. 
Zinnia elegans Jacq. Chlorotic, local, flecks with 
violet borders in 4-5 days. 
Systemic 	deformation and 
curling 	of the leaves. 
the TNV through soil, so that the farmers 
could avoid the virus infection by a proper 
rotation. 
A sample was taken from the soil, on which 
the diseased cucumber plants were grown in 
Aland. The sample, 1 kg, was mixed with 
steamed soil to get about four times more soil. 
The soil mixture was put into sterilized wooden 
boxes and vegetables and virus test plants 
were sown into the soil. After 17 days the first 
sap transmission test was made from the roots 
of a part of the plantlets. The roots were also 
examined under the microscope to see if the 
vector fungus, Olpidium brassicae, was present. 
The second examination of roots and the second 
sap transmission from roots was done 28 days 
after the sowing. 
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Table 2. Plants, from roots of which tobacco necrosis 
virus was isolated and zoosporangia of the fungus 









Allium cepa L. 	  





» 	schoenoprasum L. 	 — + 
Anethum graveolens L.  + 
Brassica rapa L. 	  
cv. Kultapallo  + + 
Chenopodium quinoa Willd. 	 + + 
Cucumis sativus L. 	  
cv. Butcher's OE Special 	 + + 
Daucus carota L. 	  
cv. Feonia Hunderup 	 + + 
Phaseolus vulgaris L. 	  
cv. Prelude 	  + + 
Lactuca sauva L.  
cv. Hilde 	  + + 
Nicotiana glutinosa L. 	 + + 
The virus was detected by sap transmission 
to Chenopodium quinoa from turnip roots 17 
days after sowing and later also from bean, 
carrot, cucumber, dill, lettuce, and Nicotiana 
glutinosa (Table 2). These plants did not show 
any symptoms. TNV has caused a disease in 
carrots in Denmark (LANGE 1975), but now 
no symptoms were observed, though virus 
could be transmitted by sap from carrot roots 
to C. quinoa. The zoosporangia like those of 
Olpidium brassicae were found to occur abun- 
dantly in the roots of these plants. The virus 
was not detected in the plants of three Alliun; 
species, but zoosporangia were observed to 
occur abundantly in their roots (Table 2). 
scboenoprasum grows wild in Äland, so 
the fungus might survive in it. 
The size of 50 zoosporangia was counted 
from roots of each of the following plants: 
cucumber, dill, turnip and carrot. The zoospo-
rangia were round or oblong oval their diameter 
varied from 10 to 47 ,u being on average 17-
16 u. 
The virus identification 
The virus was inactivated when the sap from 
infected C. quinoa was heated ten minutes at 
80 °C but not at + 75 °C. 
A clear positive reaction was produced in 
gel diffusion test between sap of infected 
cucumber leaves and antiserum against tobacco 
necrosis virus. The antiserum was kindly 
supplied by prof. Eeva Tapio, University of 
Helsinki. 
The virus causing a disease in out-door 
cucumbers was identified according to its 
symptoms in different test plants and its thermal 
inactivation point to be tobacco necrosis virus. 
This was confirmed by the serological test. 
REFERENCES 
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virus C.M.I./A.A.B. Descriptions of plant viruses 
Nr 82, 2 p. 
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— & MACFARLANE, J. 1964. Transmission of tobacco 
necrosis virus by zoospores of Olpidium brassicae. 
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SELOSTUS 
Tupakan nekroosiviruksen aiheuttamaa avomaan kurkun tautia Suomessa. 
KATRI BREMER ja MARJA-LEENA LAHDENPERÄ 
Maatalouden tutkimuskeskus 
Virustautia, joka aiheutti muovin alla kasvatettujen 
avomaankurkkuj en hedelmiin voimakasta ruskeapilk-
kuisuutta ja kellastumista ja lehtiin keltalaikkuisuutta 
todettiin Ahvenanmaalta lähetetyissä Tera-lajikkeen kur-
kuissa sekä Vantaalta saatujen Levo-kurkkujen taimissa. 
Aiheuttajaviruksen toteamiseksi tehtiin kokeita isäntä-
kasveilla (taulukko 1). Viruksen siirtymistä maassa sel-
vitettiin. Todettiin, että viruksen esiintyessä kasvien 
juurissa, niissä esiintyi aina myös Olpidium brassicae-
sienen zoosporangioiden kaltaisia itiöpesäkkeitä (tau-
lukko 2). Monet vihanneskasvit olivat alttiita sekä vi- 
rukselle että sienelle (taulukko 2), joten virus voinee 
helposti säilyä vihannesmaissa. 
Virus tunnistettiin isäntäkasviensa ja sen niissä aiheut-
tamien oireiden, lämmönsietorajansa ja siirtymistapansa 
perusteella tupakan nekroosivirukseksi. Tätä vahvisti 
positiivinen serologinen reaktio tupakan nekroosiviruk-
sen antiseerumin kanssa. Tupakan nekroosivirusta on 
tavattu aikaisemmin Suomessa taimistoissa maassa 
(TAPIO 1972), kurkun taudin aiheuttajana se on ollut 
tuntematon. 
ANNALES AGRICULTURAE FENNIAE, VOL. 19: 9-20 (1980) 
Seria ANIMALIA DOMESTICA N. 52— Sarja KOTIELÄIMET n:o 52 
ORGANIC MATTER, MINERAL AND NITROGEN LOSSES FROM FRESH GRASS SILAGE 
DURING ENSILING 
ELSI ETTALA and VAPPU KOSSILA 
ETTALA, E. & KOSSILA, V. 1980. Organic matter, mineral and nitrogen losses 
from fresh grass silage during ensiling. Ann. Agric. Fenn. 19: 9-20. (Agric. 
Res. Centre, North Savo Exp. Sta., SF-71750 Maaninka, Finland.) 
Nutrient losses during ensiling were studied in fresh silage prepared from protein-
rich grass and ensiled in farm-scale silos. The losses were determined from samples 
packed in jute sacks and placed in different parts of the silos. The trial silages 
were prepared and preserved with additives in 1971 and 1972, and ensiled in 24 
silos and in 12 plastic lined clamps. The number of sacked samples was 306. 
The average losses were 31,9 % of total weight, 21,2 % of dry matter, 20,1 % 
of organic matter, 19,5 % of crude protein, 30,1 % of N-free extract, 8,4 % 
of crude fibre. On average, crude fat increased by 29,4 %, and nitrate nitrogen 
decreased by 66,1 %. 
The mean total loss of mineral constituents was 30,8 %. The average losses 
of each mineral were: 30,3 % of calcium, 32,7 % of phosphorus, 31,9 % of mag-
nesium, 36,2 % of potassium, 31,5 % of sodium, 30,6 % of manganese, 33,8 % 
of zinc, and 15,1 % of copper. Iron increased by 12,8 %. 
Index words: Ensiling, losses. 
INTRODUCTION 
Losses during ensiling have a decisive effect 
on the nutrient value of silage as well as on the 
economy of feeding with silage as the predom-
inant feed. Ensiling losses corresponding to 
those in practical farming are, however, difficult 
to determine from large quantities of fodder. 
On the other hand, the conditions in small 
experimental silos are different. Small silos can 
be filled carefully and rapidly and unloaded 
over a short period of time, which influences 
the quantity of the ensiling losses. 
In the present study, ensiling losses from 
large quantities of silage were studied with 
sacked samples. Nutrient losses were deter-
mined from sacked samples put into dif-
ferent parts of the silos. Losses of organic 
nutrients have been studied earlier (ETTALA 
et al. 1972) in the same way. The losses 
of different minerals and nitrate nitrogen 




MATERIAL AND METHODS 
Grass which had received relatively ample 
dressings of nitrogen was ensiled mainly into 
tower silos, but also into plastic lined clamps 
at five experimental stations in different parts 
of Finland. The types of silos and clamps were: 
in Vantaa, ',two weather-board towers lined 
with plastic (5 x 12,6 m2 .= 63 me each); at 
Häme Experimental Station, two plank-walled 
towers lined with plastic-surfaced building 
paper (7,2 x 20,4 m2 = 147 me, and 7,2 X 
19,3 m2 = 139 me); at North Savo Experi-
mental Station, four fibre-glass-plastic towers 
(7,5 x 7,1 m2 = 53 me each); at North Poh-
janmaa Experimental Station, two reinforced 
concrete towers (9 x 31,2 m2 = 281 m3, and 
5 x 21,2 m2 = 106 me), and one square rein-
forced concrete silo (4,5 x 26,6 m2 = 120 me), 
and 12 plastic lined clamps; at Lapland Experi-
mental Station, two reinforced concrete silos 
(5 x 18,45 m2 = 93 m3 each). 
The grass contents of the silos ranged from 
42 000 kg to 299 430 kg, of the clamps from 
15 150 kg to 146 700 kg (Table 1). In the 24 
silos, the average contents were 91 766 kg, and 
in the 12 clamps 44 304 kg. 
The silage swards and the production of 
silages is described in ETTALA and KOSSILA  
(1979). The silages were preserved with additives; 
the ensiling succeeded well, (ETTALA and LAM—
PILA 1978, ETTALA et al. 1975, ETTALA et al. 
1974). 
For determination of the ensiling losses, a 
representative lot of grass was taken from each 
load, packed into two jute sacks of 15 kg each, 
and sampled. The jute sacks were put into the 
suo in same layer of grass as the load itself. 
In tower silos the distance between the layers 
and the sacks was 1-2 m: one sack placed 
near the wall, the other near the centre. There 
were 306 sacks in the experiment (Table 2). In 
winter, when the sacks appeared in the course 
of feeding, their contents were weighed and a 
representative sample was taken for analysis. 
Feed analysis, determination of nitrate nit-
rogen (PAUL and CARLSON 1968), and mineral 
determinations were made on the silages. 
Methods of mineral determinations have been 
described in ETTALA and KOSSILA (1979). As the 
quantities of grass in the sacks, the corresponding 
silage, and the contents of different constituents 
were known, the losses of each nutrient were 
calculated from the difference in nutrient 
contents and given as a percentage of the original 
content. 
Table 1. Grass ensiled, kg 
Experiment sites and silos 1971 1972 
Vantaa 
silos 1 and 2 	  44 600— 44 000 42 000— 42 400 
Häme Experimental Station 
silos 1 and 2 	  81170— 81 490 72 155— 72 625 
North Savo Experimental Station 
silos 1, 2, 3 and 4 	  60 950— 64 400 67 700— 94 400 
North Pohjanmaa Experimental Station 
silos 1, 2 and 3 	  299 430 106 150-200 500 
clamps nos 1-8  15 150-146 700 
clamps nos 1-4 	  24 100— 28 900 
Lapland Experimental Station 
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RESULTS AND DISCUSSION 
Total weight losses 
Total weight loss includes effluent production 
during ensiling and losses caused by fermentation 
and evaporation. The total weight loss in the 
present study was 31,9 + 13,5 % (Table 3). 
Variation between experimental sites was large: 
extreme values were obtained at the North 
Savo and the North Pohjanmaa experimental 
stations where the average weight losses were 
40,5 % and 23,1 %, respectively. 
The large variation in weight losses is mainly 
due to the difference in the volumes of effluent 
produced; variation in the losses of dry matter 
was considerably smaller (Table 3). On the 
other hand, the differences in effluent production  
are due to variation in the moisture content 
and composition of the grasses as well as the 
difference types of silos. The effect of the type 
of suo can be seen clearly in the results from 
the North Savo Experimental Station where 
the moisture content of the grass was the 
highest (dry matter 16,7 %), and of the silage 
the lowest (dry matter 22,3 %) (Table 2). 
The plastic-fibre-glass towers at the Station 
are high and have smooth walls which allows 
the grass to consolidate in the tower. At the 
North Pohjanmaa Experimental Station, how-
ever, the effluent production especially in the 
clamps, was very slight. The dry matter (DM) 
contents of grass and silage were nearly equal 
(20,0 % and 20,7 %, Table 2), and the total 
Table 3. Nutrient losses or gains in ensiling fresh grass. 
















Vantaa 	 -26,2 -19,1 -18,2 -27,1 -21,1 +29,1 -26,8 - 4,1 
Häme  -37,0 -23,9 -22,6 -35,0 -21,0 +11,5 -31,1 -16,1 
North Savo 	 -40,5 -21,7 -20,0 -36,9 -20,0 +35,9 -31,7 - 4,5 
North Pohjanmaa 	 -23,1 -21,2 -21,0 -24,5 -19,8 +23,9 -30,5 -10,2 
Lapland 	 -30,3 -20,3 -19,4 -28,8 -13,8 +39,9 -28,6 -14,0 
Years 
1971 	  -30,2 -20,9 -20,2 -27,7 -20,9 +31,5 -30,2 - 7,1 
1972  -34,0 -21,5 -20,0 -34,4 -17,8 +26,9 -29,9 - 9,8 
Mowings 
1st 	  -35,0 -22,0 -20,6 -34,8 -23,2 +40,2 -31,5 - 5,5 
2nd  -30,7 -21,2 -20,3 -29,0 -17,8 +24,7 -29,3 -11,7 
3rd 	  -28,4 -20,0 -19,2 -26,3 -15,4 +17,5 -28,7 - 9,5 
Layers in silos 
top layer 	 -29,0 -18,0 -17,4 -23,9 -17,7 +16,6 -25,5 - 6,2 
2nd layer  -28,1 -19,9 -19,0 -28,0 -18,5 +30,7 -28,5 - 7,5 
3rd layer 	 -31,8 -23,0 -22,0 -32,9 -19,1 +28,2 -31,8 -11,3 
4th layer  -36,6 -23,5 -21,9 -36,1 -21,8 +31,0 -32,3 - 9,9 
5th layer 	 -33,2 -22,6 -21,5 -33,5 -21,7 +30,2 -31,6 - 9,5 
bottom layer 	 -32,3 -20,4 -19,3 -30,3 -17,9 +38,9 -30,8 - 6,2 
Mean 	  -31,9 -21,2 -20,1 -30,8 -19,5 +29,4 -30,1 - 8,4 
SD  ±13,5 ± 7,6 ± 7,4 ±17,4 ±11,9 ±26,4 +10,1 ± 9,4 
F-values of the differences 
Experiment sites 	 38,2*** 4,1** 3,3* 9,7*** 7,8*** 4,5** 3,1* 12,2*** 
Years 	  4,0* 0,0 0,7 7,0** 11,8*** 10,6** 2,0 12,3*** 
Mowings  8,0*** 2,7 2,2 3,6* 26,3*** 7,3*** 0,3 5,9** 
Layers 	  5,0*** 2,2 1,8 2,1 2,0 2,2 2,1 2,6* 
x P < 0,05, xx P < 0,01, xxx P < 0,001. The statistical analysis was made with a 5-variable analysis of variance (ex-
periment sites, years, mowings, layers in silos and additives). 
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weight loss was not much higher than the loss 
of DM (23,1 % and 21,2 %, resp., Table 3). 
In different years, the average weight loss has 
been in line with the variation in the moisture 
content of the grasses. In 1971, the weight 
loss was 30,2 %, in 1969-70 32,4 % (ETTALA 
et al. 1972), and in 1972 34,0 %; the DM 
contents were 19,3 %, 18,3 %, and 17,5 %, 
resp. Weight losses in different harvests did 
not, however, follow the moisture contents. 
The weight loss was highest (35,0 %) in the 
spring harvest and lowest (28,4 %) in the autumn 
harvest, although the DM content of the grass 
was higher in the spring harvest (19,2 %) than 
in the autumn harvest (17,9 %). 
The contradiction between loss and DM 
content can partly be explained by the position 
of feed in the towers and other differences in 
conditions. The spring harvest formed the 
bottom layers in the towers. It usually consti-
tuted about half of the total fodder. The summer 
harvest formed the middle and upper layers 
in the tower, on top of the previous harvest 
and the autumn harvest formed the top layers. 
On the one hand, the pressure on the bottom 
layers was highest, and on the other hand, the 
warm summer days promoted fermentation. 
Therefore, both effluent production in and 
fermentation losses from the spring harvest 
were greater than in the autumn harvest. 
Dry matter losses 
Dry matter loss was 21,2 ± 7,6 % in 1971-72 
(Table 3) and was higher than the loss of 17,3 % 
observed in the silages of 1969-70 (ETTALA 
et al. 1972). Variation in DM losses between 
experimental sites, years, mowings, and layers 
in the silos was considerably smaller than the 
variation in total weight losses. The trend in 
both losses was, however, the same, and it can 
be concluded that the DM losses also have an 
influence on the total weight losses. 
Losses of organic matter 
The overall loss of organic matter was 20,1 ± 
7,4 % (Table 3). Variation was fairly slight. 
Only the variation between sites was significant 
(P < 0,05). The trend in the total losses of 
organic matter was, however, in line with the 
total weight losses. In the silages of the previous 
years 1969-70, the loss of organic matter was 
distinctly smaller (16,5 % ETTALA et al. 1972) 
than in the present study. 
The loss of crude protein was 19,5 ± 11,9 % 
(Table 3), which is somewhat lower than the 
total DM loss. Therefore, the crude protein 
content rose during ensilage (19,5 %/19,8 % 
in DM, Table 2). 
The loss of crude protein was markedly 
lower at the Laplan.d Experimental Station 
where the lowest values for crude protein 
content of grass were also obtained. There is 
a positive correlation between the crude protein 
content of grass and the loss of crude protein 
(r = 0,36***). The crude protein content in 
the autumn harvest was higher (20,4 %), but 
the loss was lower (15,4 %) than in the other 
harvests. The slow fermentation rate in the cool 
autumn obviously affected the decrease in 
losses. A very significant difference was obtained 
in crude protein losses between the years. In 
1971 it was at about the same level (20,9 %) 
as in the earlier experimental years (20,8 %, 
ETTALA et al. 1972), but in 1972 it was con-
siderably lower (17,8 %). 
Crude fat increased by 29,4 ± 26,4 % (Table 
3). The increase is caused by acids created 
during ensiling. These are ether soluble and 
thus go dissdue into crude fats during the 
course of analysis, causing an apparent increase 
in crude fat content (3,8 %/6,1 % in DM, 
Table 2). 
Of the organic substances, the loss of N-free 
extracts (NFE) was the greatest: 30,1 ± 10,1 % 
(Table 3). The proportion of this easily soluble 
and fermentative constituent was, on average, 
43,7 % of grass, and 38,6 % of silage DM 
(Table 2). A significant difference in the loss 
on N-free extracts was only found between the 
silages prepared in Vantaa and at the North 
Savo Experimental Station. This difference is 
most probably due to the amounts of NFE 
dissolved in the effluent. In 1969-1970 the 
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NFE content (41,8 %) and the losses of NFE 
were considerably lower (23,8 %, ETTALA et al. 
1972) than in the present study. 
The loss of crude fibre was 8,4 ± 9,4 % 
(Table 3). As the loss of fibre is normally much 
lower than that of the DM, the fibre content 
has increased during ensiling (23,7 %/27,4 % 
in DM, Table 2). 
Considerable variation in crude fibre loss 
were noted between sites, years and mowin.gs. 
In the same way, the crude fibre content of 
grasses varied very significantly in different 
cases (Table 2). In Vantaa and at the North 
Savo Experimental Station the fibre content 
was low (20,9 and 22,5 % in DM), as was the 
fibre loss (4,1 and 4,5 %). At the Lapland 
Experimental Station, the fibre content of the 
grass was the highest (27,5 °/, in DM), as was 
the loss (14,0 %). There is a positive correlation 
between the fibre content of grass and its loss  
during ensiling: 0,36***. In the experimental 
silages of 1969-70, the fibre loss was lower 
(mean 5,8 %) than that obtained in the present 
study, although the fibre content of the grass 
was at about the same level as in the herbage 
of the present study (mean 23,4 % in DM). 
Content and loss of nitrate nitrogen 
In the DM of grass the content of nitrate 
nitrogen was 0,13 ± 0,09 %, and in silage 
0,05 ± 0,06 % (Table 4). An average of 66,1 %, 
i.e. nearly two thirds, of nitrate nitrogen dis-
appeared during ensiling. The loss was greatest 
in Italian ryegrass, 77,9 % on average. There 
is a positive correlation between the content 
and loss of nitrate nitrogen (r = 0,16*). The 
nitrate nitrogen content of grass rose together 
with nitrogen fertilization. At the lowest level 
of nitrogen fertilization (33 kg N per ha per 
Table 4. Nitrate nitrogen contents in grass and its silage and losses during ensiling 
No. of samples NO,-N% in DM NO,-N loss 
Grass Silage Grass Silage % 
Experiment sites 
Vantaa 	  27 54 0,07 0,03 -65,4 
Häme  17 34 0,18 0,06 -69,5 
North Savo 	  48 96 0,18 0,06 -69,4 
North Pohjanmaa 	  39 78 0,11 0,05 -61,4 
Lapland 	  19 38 0,11 0,04 -65,3 
Years 
1971 	  83 166 0,13 0,05 -65,1 
1972  67 134 0,15 0,05 -67,2 
Mowings 
lst 	  67 134 0,12 0,04 -67,6 
2nd  40 80 0,14 0,05 -63,2 
3rd 	  43 86 0,15 0,06 -66,4 
N-fertilization 
33 kg Nihaiharvest 	  27 54 0,07 0,03 -65,4 
60-80 kg N/halharvest 	  54 108 0,13 0,05 -67,5 
100 kg N/ha/harvest  67 134 0,16 0,06 -66,1 
Mean 	  150 300 0,13 0,05 -66,1 
SD  +0,09 ±0,06 ±43,8 
F-values of the differences 	  
Experiment sites 	  10,6*** 3,1* 0,3 
Years 	  4,1* 0,5 0,6 
Mowings 	  2,2 4,4* 0,1 
N-fertilization 	  16,2 2,3 0,2 
x P < 0,05, xx P < 0,01, x.xx P < 0,001. The stat'stical analysis was made with a) a 3-variable analysis of variance 
(experiment sites, years, mowings) and b) a 1-variable analysis of variance (N-fertilization). 
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harvest) the nitrate nitrogen content of grass 
DM was 0,07 %, at the intermediate level of 
fertilization (60 to 80 kg N per ha per harvest) 
0,13 %; and at the highest level of fertilization 
(100 kg N per ha per harvest) 0,16 %. In silage, 
the contents were 0,03 %, 0,05 %, and 0,06 %, 
respectively. 
A large loss of nitrate nitrogen is beneficial 
to the animals. According to Ar GRIFFITH 
(1960) the poisoning limit for animals is 0,22 % 
in DM. However, various values have been 
given for the poisoning limit (CRAWFORD 1960, 
ref. 'T. HART 1963, SAARINEN and JÄNTTI 1955, 
WRIGHT and DAVIDSON 1964, Van BURG 1966). 
In the material studied here, even the average 
nitrate nitrogen content of Italian ryegrass 
(0,23 % in DM) exceeded the above-mentioned 
poisoning limit, but in the corresponding silage, 
only 0,06 % of nitrate nitrogen was found in 
DM. The second highest content of nitrate 
nitrogen was obtained for cocksfoot (average 
0,19 % DM) which dropped to 0,06 % in DM 
during ensiling. No harmful effects due to the 
nitrate nitrogen content was observed during 
the feeding experiments. 
Losses of minerals 
The ash loss was 30,8 + 17,4 % (Table 3). 
This is considerably higher than the loss of 
organic matter. At the North Savo and Häme 
Experimental Stations, where the grass moisture 
content (Table 2) and the total losses (Table 3) 
were the highest, the ash losses were also the 
largest. A very significant negative correlation 
(r = —0,40***) was obtained between the grass 
DM content and the ash losses. Large amounts 
of minerals were discharged together with the 
strong effluent production. The same can be 
observed in the difference in ash losses between 
the experiment years 1971 and 1972. On the 
other hand the ash losses did not follow the 
variation in grass moisture content between 
mowings but did in total losses. The highest 
ash losses were obtained for spring grass, and 
the lowest for the autumn harvest: the grass 
moisture contents varied conversely. This con- 
tradiction is at least partly explained by the 
placing of different harvests into different 
layers in the silos (cf. total weight loss). 
The ash losses obtained in the present study 
were higher than those of the previous years 
1969-1970 (average 24,9 %, ETTALA et al. 
1972). At that time, variation in raw materials 
explained 29,4 c/c, of the variation in ash losses. 
Conditions in the different layers of the silos 
explained 6,7 %, and the variation in conditions 
between the experimental stations and years 
14,0 %. 51,2 % of the variation in ash losses 
could be explained (ETTALA et al. 1972). 
The loss of calcium (Ca) was 30,3 ± 16,2 %. 
(Table 5). The highest Ca loss was found in 
Vantaa (44 c/o), where the Ca content of grass 
was also the highest (ETTALA and KossILA 
1979). The lowest Ca loss was obtained at the 
North Pohjanmaa Experimental Station. There 
is a positive correlation (r = 0,18**) between 
the Ca loss and the Ca content of grass whereas 
the correlation between the Ca loss and the 
DM content of grass is negative (r = —0,14*). 
No significant differences in Ca losses were 
observed between years (Table 5). In the 
autumn harvest, the Ca loss was significantly 
lower than in the other harvests. The Ca loss 
from silages preserved with formic acids was 
significantly lower than from silages preserved 
with AIV 1 or VIHER solution. 
The loss of phosphorus (P) was 32,7 ± 14,7 
% (Table 5). The differences between experi-
mental sites were smaller than for Ca losses, 
but still significant. There was a positive cor-
relation between the P loss and the P content 
of grass (r = 0,30***), and a negative correlation 
between the P loss and the grass DM content 
(r = —0,26***). The P losses did not vary 
significantly within years but the differences 
were very significant within mowings (Table 
5). The loss was highest in the spring harvest 
and lowest in the autumn harvest. 
The loss of magnesium (Mg) was 31,9 + 
14,2 % (Table 5). The Mg loss was highest at 
the Lapland Experimental Station, where the 
Mg content of grass was also the highest 
(ETTALA and KOSSILA 1979). However, the loss 
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Table 5. Losses of macrominerals in ensiling grass fresh. 
No. of the 
samples 
Loss in % of the original content 
Ca P Mg K Na 
Experiment sites 
Vantaa 	  54 -44,0 -33,0 -30,1 -45,0 -53,0 
Häme  34 -25,4 -35,4 -36,0 -36,7 -18,1 
North-Savo  98 -32,2 -36,9 -34,4 -42,5 -33,5 
North Pohjanmaa 	 78 -22,0 -26,3 -25,7 -28,3 -17,4 
Lapland 	  38 -26,9 -32,1 -37,4 -22,8 -36,6 
Years 
1971 	  162 -29,6 -31,2 -30,5 -35,3 -27,3 
1972  140 -31,0 -34,3 --33,6 -37,1 -36,4 
Mowings 	  
lst  130 -37,4 -37,8 -34,0 -43,1 -40,4 
2nd 	  84 -26,0 -30,7 -33,7 -30,3 -31,2 
3rd  88 -23,7 -27,0 -27,1 -31,5 -18,5 
Layers in silos 
Top layer 	  52 -27,1 -28,4 -30,4 -32,7 -37,5 
2nd layer  48 -25,7 -31,3 -24,4 -30,6 -22,8 
3rd layer  44 -33,8 -36,0 -36,8 -38,5 -43,5 
4th layer 	  50 -34,7 -35,2 -36,4 -40,2 -40,4 
5th layer  54 -31,9 -33,7 -33,7 -37,6 -29,6 
bottom layer  54 -28,7 -32,1 -30,3 -37,3 -17,3 
Mean 	  3021) -30,3 -32,7 -31,9 -36,2 -31,5 
SD  +16,2 +14,7 ±14,2 ±19,0 ±43,4 
F-values of the differences 
Experiment sites 	 21,0*** 8,4*** 13,1*** 15,8*** 2,3 
Years 	  1,9 2,5 1,5 2,8 5,6* 
Mowings  8,6*** 17,2*** 14,8*** 6,2** 6,5** 
Layers in silos 	  3,2** 0,6 7,7*** 2,3* 4,0** 
x P < 0,05, xx P < 0,01, xxx P < 0,001. The statistical analysis was made with a 5-variable analysis of variance (ex-
perimental sites, years, mowings, layers in towers and additives). Additives had a significant effect only on Ca loss. 
P; n = 296. 
and content of magnesium did not usually 
follow each other (r = 0,07); for example, the 
loss was highest from the spring harvest with 
the lowest Mg content. On the other hand, 
there is a significant correlation. (r = -0,36***) 
between the DM content of grass and Mg loss. 
The loss of potassium (K) was 36,2 ± 19,0 % 
(Table 5), which was the highest of the mineral 
losses. The K loss was highest in Vantaa (45,0 %) 
and lowest at the Lapland Experimental Station. 
A similar variation was observed in the K 
content of grass (4,28 % and 2,14 % in DM, 
respectively, ETTALA and KOSSILA 1979). The 
K loss from the spring harvest (43,1 %) was 
significantly higher than the K loss from the 
other harvests. The K content was also higher 
in the spring harvest than in the other harvests 
(ETTALA and KOSSILA 1979). 
The loss of sodium (Na) was 31,5 ± 43,4 % 
(Table 5). The variation in the Na losses was 
vety large. The variation between experimental 
sites was not, however, significant because of 
the large differences even within the experi-
mental sites. 
There is a significant positive correlation 
between the Na loss and the Na content of 
grass (r = 0,39***), whereas between the Na 
loss and the DM content of grass the correlation 
was not significant (r = -0,11). The Na loss 
from the spring harvest was more than twice 
the Na loss from the autumn harvest. How-
ever this cannot be observed in the different 
layers of the silos, because the loss is the 
lowest in the bottom layers. This is also 
an indication of the irregular variation in 
Na losses. 
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Table 6. Losses or gains of microminerals in ensiling fresh grass. 
No. of the 
samples 
Loss or gain in % of the original amount 
Fe Mn Zn Cu 
Experiment sites 
Vantaa 	  54 - 2,4 -36,8 -32,8 -12,8 
Häme  34 -20,8 -40,1 -63,5 -10,2 
North Savo 	  98 +29,0 -27,4 -27,5 -12,5 
North Pohjanmaa 	  78 + 8,4 -26,3 -27,0 -20,4 
Lapland  38 +31,7 -30,7 -51,9 -20,0 
Years 
1971 	  162 +20,8 -30,2 -32,3 -16,4 
1972  140 + 3,5 -31,2 -35,7 -13,5 
Mowings 
1st 	  130 + 9,4 -32,1 -34,3 -12,5 
2nd  84 +29,0 -30,0 -35,8 -22,6 
3rd  88 + 2,3 -29,1 -30,9 -11,9 
Layers in silos 
Top layer 	  52 +18,6 -28,8 -29,3 -20,0 
2nd layer  48 +31,5 -27,2 -32,0 - 7,7 
3rd layer  44 - 0,1 -33,5 -41,5 -20,1 
4th layer 	  50 + 5,6 -33,8 -39,7 -17,2 
5th layer  54 + 9,7 -32,2 -31,9 -13,2 
Bottom layer  54 +10,7 -28,6 -30,5 -12,5 
Mean 	  3021) +12,8 -30,6 -33,8 -15,1 
SD  ±49,9 +16,2 ±22,6 +24,4 
F-values of the differences 
Experiment sites 	  8,7*** 12,6*** 27,2*** 2,8* 
Years 	  12,4*** 2,3 5,8 0,4 
Mowings  1,2 8,3*** 16,4*** 3,7* 
Layers in silos 	  2,5* 1,8 3,6** 2,4* 
Statistical analysis (see table 5) 
Zn; n = 283, Cu; n = 300 
On average, the amount of iron (Fe) increased 
by 12,8 % (Table 6). The variation is, however, 
vety large. Between the experimental sites, the 
Fe content varied from a loss of 20,8 % to an 
increase of 31,7 %. Moreover, there was no 
consistancy in the variation of the changes in 
Fe contents between the mowings of each year 
and the feed layers in the towers. The differences 
in the Fe content of grass explain the variation 
to some extent, because the correlation between 
the Fe content and the Fe change was 0,36***. 
On the other hand, no significant correlation 
was found between the grass DM content and 
the Fe loss (r = -0,1). It seems obvious that the 
iron was not in an effluent soluble form. The Fe 
content of DM increased during ensilage in both 
the present study (ETTALA and KOSSILA 1979) 
and in the earlier studies (KossILA et al. 1973). 
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The loss of manganese (Mn) was 30,6 ± 
16,2 % (Table 6). Significant variation in the 
Mn loss was found between the experimental 
sites and mowings, but not between years and 
the different layers in the towers. A significant 
correlation was found between the Mn loss and 
the Mn content of grass (r = 0,26***), but 
not between the Mn loss and the grass DM 
content (r = -0,1). 
The loss of zinc (Zn) was 33,8 + 22,6 % 
(Table 6). The variation in losses was vety 
large. The highest Zn loss was found at the 
Häme Experimental Station (63,5 %), where 
the Zn content of grass was also the highest. 
The correlation between the Zn content of 
grass and the Zn loss was strongly positive 
(r = 0,66***). The correlation between the DM 
content of grass and the Zn loss was -0,15*. 
17 
However, the Zn loss from the autumn harvest 
was lower than from the other harvests, although 
the Zn content of that harvest was higher 
(ETTALA and KOSSILA 1979), and the DM 
content lower (Table 2) than in the other 
harvests. 
The loss of copper (Cu) was 15,1 ± 24,4 % 
(Table 6). The Cu loss was highest at the North 
Pohjanmaa Experimental Station, although 
losses of other minerals at the station were lower, 
probably due to the lower effluent production 
(Tables 5 and 6). There was no correlation 
between the grass DM and the Cu loss (r 
On the other hand, a positive correlation 
was obtained (r = 0,39***) between the Cu 
content and Cu loss of grass. The variation in 
Cu loss was fairly irregular, and the significance 
of the variation remained low. 
Reliability of observations of ensiling losses 
The nutrient losses found in the present study 
were quite high. However, the results are in 
line with the extensive literature review by 
ZIMMER (1967). According to the review, the 
average grass DM loss from 60 tower silos 
was 21,6 ± 6,17 %, and from 24 flat silos 
21,0 ± 7,00 %, when the grass DM were 18,6 
and 18,4 %. In the present study the average 
DM loss from the tower silos and from clamps, 
which resemble the flat silos, was 21,1 % 
6,9 %, when the grass DM content was 18,4 cyo. 
The reliability of losses found from fodder 
packed in sacks was tested by putting two 
sacks with samples from the same load of grass 
in the same layer, and comparing the contents. 
The results indicated that the silage DM content 
in the sacks (21,8 % and 21,3 %) and the total 
loss (32,7 % and 31,1 %) varied somewhat, but 
the DM losses were almost the same (21,2 % 
and 21,1 %). The losses of minerals and nitrate 
nitrogen varied slightly, but not significantly 
(Table 7). The pH value of sacked silages 
preserved with acids was 4,21 in the centre of 
the silos, 4,29 near the wall, and of those pre-
served with formalin acid mixture 4,65 and 4,66, 
resp. The variation in quality was therefore slight. 
On the basis of these comparisons between 
the sacks, the method can be regarded as being 
very reliable for measuring losses from large 
quantities of fodder. 
The corresponding study in 1969 and 1970, 
compared the quality and composition of sacked 
samples and the unsacked fodder at different 
layers in the towers (ETTALA et al. 1972). The 
comparison proved that both were good and 
equal. The only significant difference was 
obtained for ash content (0,9 % units). No 
similar comparison was performed in the pre-
sent study. 
Table 7. Changes in the contents of minerals and nitrate nitrogen of silages in sacks in the same layer. 















Ca 	  0,27 0,27 0,07 -30,8 -29,7 0,31 
P  0,32 0,32 0,01 -32,9 -32,5 0,04 
Mg 	  0,21 0,21 0,07 -32,3 -31,6 0,19 
K  2,47 2,53 1,04 -37,2 -35,2 0,84 
Na 	  0,04 0,04 0,84 -28,7 -34,2 1,19 
Fe  0,06 0,06 0,18 +12,1 +13,5 0,06 
Mn 	  96,7 97,7 0,10 -31,1 -30,2 0,25 
Zn  34,0 34,0 0,00 -37,2 -37,4 0,00 
Cu 	  11,3 11,1 0,53 -14,4 -15,8 0,27 
NO,-N 	  0,05 0,05 0,12 -64,3 -69,2 1,01 
4-variable variance analysis was used as the statistical treatment of the data. The effect of the experimental sites, 
years and harvests were eliminated. 
2) An one-way variance analysis was applied without elimination of any factor. 
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The calculated losses are found to be larger 
than the true losses if the dry matter content 
of silages is determined by drying the samples 
in an oven, and no corrections are made for the 
volatile constituents (MCDONALD and DEWAR 
1960, MINSON and LANCASTER 1963, WILSON 
et al. 1964, Voss 1965, BRAHMAKSHATRIYA and 
DONKER 1971). In the present study, the silage 
samples were dried at 60 °C, and the DM 
content were calculated by adding 80 % of the 
quantity of acetic acid, and the total contents 
of propionic, butyric, and valeric acids to the 
samples. The corrections were made according 
to the quidelines given by JARL and HELLE DAY 
(1948) and NORDPELDT (1955). MCDONALD 
and DEWAR (1960) observed that an average 
of 87,9 % of acetic acid and 89,4 % of butyric 
acid had evaporated. NORGAARD et al. (1965) 
observed that the volume of volatile acids 
depends on the pH value of the silage and the 
ratio dry matter: volatile acids. 
In the present study, the DM was corrected 
neither in respect of volatile lactic acid and 
nitrogen nor in respect of alcohol content. 
MCDONALD and DEWAR (1960) observed that 
an average of ca. 4 % of the lactic acid content 
evaporates; WILSON et al. (1964) found the 
percentage to be as high as 34 % in a Unither  
oven. Some nitrogen can also be in a volatile 
state: usually in silage with a high pH value 
(4,5-5,0) (MCDONALD and DEWAR 1960, 
MINSON and LANCASTER 1963). Alcohol also 
evaporates during oven drying. The mean 
alcohol content of fresh silage is ca. 0,3 % 
(WEIssB.A.cx and LAUBE 1964), and of DM 
1,18% (NORGAARD PEDERSEN 1967). 
The proportion of lactic acid is the most 
important of these volatile constituents not 
determined in the present study as the silage 
lactic acid content is much higher than the 
contents of other acids. On the other hand, 
it seems obvious that only a very small pro-
portion of nitrogen had evaporated, as the mean 
pH value of silages ensiled with acids was 4,25, 
and of fodder preserved with formaldehyde 
acid mixture, in which the mean pH value was 
4,66, the loss of crude protein was smaller than 
the average (18,2 % of DM). This is obviously 
due to the formaldehyde. It can also be expected 
that in a careful ensiling of nitrogen-rich grass 
with relatively low sugar content, the alcohol 
fermentation has been slight. It is obvious, 
however, that if ali the corrections are taken 
into consideration the silage DM would have 
increased to some extent, and the calculated 
DM loss would thus have decreased. 
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SELOSTUS 
Orgaanisten aineiden, kivennäisten ja nitraattitypen hävikit valmistettaessa 
ruohosta tuoresäilörehuja 
ELSI ETTALA ja VAPPU KOSSILA 
Maatalouden tutkimuskeskus 
Valkuaisrikkaan ruohon sisältämien ravintoaineiden säi-
löntätappioita selvitettiin talousmittakaavassa tehdyistä 
tuoresäilörehuista. Hävikit laskettiin tietyistä, jutesäk-
keihin sullotuista ja eri puolille säiliöitä sijoitetuista rehu-
eristä. Koesäilörehut valmistettiin säilöntäaineita käyt-
täen vuosina 1971-72 24 siiloon ja 12 muoviaumaan. 
Säkkinäytteitä oli 306. 
Keskimääräiset hävikit olivat seuraavat: kokonaispai-
nohäviö 31,9 %, kuiva-aineen 21,2 %, orgaanisen aineen 
20,1 %, raakavalkuaisen 19,5 %, typettömien uuteainei- 
den 30,1 %, raakakuidun 8,4 %. Raakarasva lisääntyi 
keskimäärin 29,4 %. Nitraattityppihäviö oli keskimäärin 
66,1 %. 
Kivennäisaineiden kokonaishävikki oli keskimäärin 
30,8 %. Erillisten kivennäisaineiden keskimääräiset hävi-
kit olivat seuraavat: kalsiumin 30,3 %, fosforin 32,7 %, 
magnesiumin 31,9 %, kaliumin 36,2 %, natriumin 31,5 %, 
mangaanin 30,6 %, sinkin 33,8 % ja kuparin 15,1 %. 
Rautamäärä kohosi keskimäärin 12,8 % 
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korjauksen opetukset. Teho 5: 8-9. Työtehoseuran 
rakennustied. 145: 1-4. 
& KETTUNEN, P. Lypsytottumuksissa on parantamisen 
varaa. Meijeriposti 3: 12-15. 
KETTUNEN, P. & OKSANEN, E. H. Lypsyrutiineissa 
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